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Abstract 
Group of rust fungi have strong mechanism for adaptation and changed their pathogenecity under critical condition, 
includ
characteristics, survival and pathogenecity of U. tepperianum in Falcataria moluccana. Inoculums of U. tepperianum 
were taken from sengon trees in the Southern hill of Merapi volcano which showed symptoms of gall on 3 different 
distance of area affected by pyroclastic cloud, i.e. danger (3-7 km), alert (>7-11 km) and warning (>11-15  km) from 
the top of Merapi. Three locations from each distance were randomly chosen, namely fire (directly affected), border 
(indirectly affected) and green (completely uninfluenced) by pyroclastic cloud. Based on artificial inoculation test, 
pathogenecity of each inoculum was observed. The color, size and shape of teliospore as well as texture and color of 
gall were observed using qualitative and quantitative assessment. Survival and aggressiveness of U. tepperianum in 
the fire were lower than in the border or green location in all distances. However, in the border location itself, the 
spores of U. tepperianum is more pathogenic, represent by higher percentage of germination, penetration, and 
infection than in the both locations. This result was also supported by the characteristic of teliospores that were 
bigger, brighter, had better integrity shape (round) in the border location. One of obvious case due to local 
environmental changing caused by Merapi eruption was the increasing of aggressiveness of the gall rust disease 
caused by U. tepperianum on F. moluccana. 
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1. Introduction 
produces a variety number of products with the purposes ecologically, socially and economically. Since 
sengonisasi planting program in 1983, many people around forest in Sleman mostly develops Falcataria 
moluccana species that has high value of timber. However the growing development rate has lots of 
obstacle, especially with the emergence of pests and diseases. Composition of community forest that is 
often monoculture will cause susceptibility to the forest so that the intensity of the damage would have 
been fatal.  
One of the most potential diseases that can reduce the growing progress of F. moluccana in Indonesia 
is the emergence of gall rust disease caused by Uromycladium tepperianum (Sacc.) McAlpine fungus. It 
can result in damage to seedlings, young plants and mature trees so it will cause huge economic losses. U. 
tepperianum fungus is included in Class Basidiomycetes, Order Uredinales, Famili Pucciniceae and 
Genus Uromycladium. Basidiomycetes fungi have distinctive characteristic of generative reproduction in 
the form of basidium as a body producing spores from teliospores that have germinated. Teliospores can 
germinate on leaves, branches, flowers and fruit. Teliospores have size ranged from 14-
17- et al. 2010). This disease occurs due to change form and fuction of cells and 
host tissues caused by fungal pathogen interference, which then form galls. 
 community forests. 
Most of sengon trees hit directly by hot cloud were exposed dry and scorched, as well as galls attached on 
the plants. However, galls attached on nearly all of the plants on the edge of hot cloud glide areas and 
affected indirectly by hot cloud indicated more intensive development of symptoms with the appearance 
of brick red gall, indicating that the spores had matured. The environment change around hot cloud glide 
was estimated to have influenced fungi variability development that would lead to become more 
pathogenic. This would be very harmful to growth of sengon plants in community forest around Merapi 
Volcano and also surrounding areas. Hence, research on the effect of pyroclastic cloud to characteristic of 
U. tepperianum on sengon plant in Sleman needs to be done. 
In general, U. tepperianum fungus capable of performing germination, penetration and infection in 
short time of less than 24 hours. At a period of time the early symptoms of gall will appear first within 3-
7 days after inoculation, depending on the environmental condition that favorable for the development of 
symptoms (Rahayu et al. 2010). Spore germination forming basidia is an essential process in the life 
cycle of gall rust fungi on sengon plant. Environmental factors such as temperature and humidity are very 
influential in determining the success of basidiospores establisment, and will be very affecting in the 
subsequent process of pathogenesis, such as penetration and invasion. Hot cloud glide due to Merapi 
eruption which was followed by heavy rainfall would be very influential in lowering temperature and 
increasing humidity environment. The closer the distance from the top of the mountain and the location of 
pyroclastic flow, the bigger the effect from increasing temperature obtained. 
2. Material and Method  
The research was conducted at hot cloud glide of Merapi volcano ranged from 3-7km, 7-11km and 11-
15km from the top of the mountain. the incubation was at semi-permanent nursery in Kaliurang, Sleman, 
Yogyakarta. And the microscopic observation was concerned at forest health and protection laboratory. 
The research used one-year old seedling of sengon, gall from various location and distance from hot cloud 
glide,  aquades, soap powder and lactophenolcottonblue as fungus dye to know which tissue infected by 
rust fungus. 
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The research design for taking gall sample on hot cloud glide used stratified sampling (predetermined 
location) with split-plot design. The research design consisted of main plot (3 distances), sub-plot inside 
the main plot (3 treatment zone), and 3 replication of each treatment as inoculums unit (3 infected trees). 
In the nursery, the research used completely randomized design (CRD) factorial. Each inoculums unit 
was inoculated on three seedlings as sample and to know the liveliness of the fungus, the research used 
one seedling for each day (for three days). For observation, two shoots of the sample was cut as thin as 
possible as unit sample that later ten observation unit were made of each shoot. Sample that had been 
observed or cut was not used anymore, so the total of the observation was 1620 observation unit (10 
observation unit x 2 unit samples x 3 samples x 3 inoculum units x 3 sub-plot x 3 main plot). 
3. Adaptability of Uromycladium tepperianum in Extreme Environment 
In general, U. tepperianum fungus capable of performing germination, penetration and infection in 
short time of less than 24 hours. At a period of time the early symptoms of tumor will appear first within 
3-7 days after inoculation, depending on the environmental condition that favors the development of 
symptoms (Rahayu et al, 2010).  
 
Table 1.  Variance analysis percentage of germination, penetration and infection in fungal inoculum of Uromycladium 
tepperianum to sengon plant from various distance and locations of pyroclastic f
eruption. 
Variation sources Degree of 
Freedom 
Mean square after artificial inoculation on day:  
Germination  1 2 3 
Distance 2 7.9 ns 33.16** 0.56 ns  
Location 2 24.36** 15.5** 0.56 ns 
Inoculum source 2 10.01ns 0.72 ns 0.17* 
Distance*Location 4 16.21** 8.83** 0.11* 
Error 43 4.27 1.48 0.42 
 
Penetration 
    
Distance 2 98.46** 145.79** 43.63** 
Location 2 34.74** 24.57* 5.63ns 
Inoculum source 2 14.68ns 23.58* 9.18* 
Distance*Location 4 2.41ns 11.16ns 8.5** 
Error 43 4.98 5.95 2.07 
 
Infection 
    
Distance 2 0.17* 21.06** 60.79** 
Location 2 0.05ns 6.17ns 13.35* 
Inoculum source 2 0.05ns 5.05ns 0.35ns 
Distance*Location 4 0.05ns 6.39* 8.3* 
Error 43 0.05 2.25 2.71 
 
Spore germination forming basidia is essensial procces in the life cycle of gall rust fungi on sengon 
plant. Environmental factors such as temperature and humidity are very influential in determining the 
success of basidiospores establisment, and will be very affecting in subsequent process of pathogenesis, 
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such as penetration and invasion. Hot cloud glide due to Merapi eruption which used to be followed by 
heavy rainfall would be very influential in lowering temperature and increasing humidity environment. 
The closer the distance form the top of the mountain and the location of pyroclastic flow, the bigger the 
effect from increasing temperature obtained. The result of analysis variance capabilities in gall rust 
can be seen in Table 1. 
Based on the result of this analyzes, it showed consistently that there was an interaction between 
distances and locations in taking gall rust inoculum. The interaction was always significantly different 
especially on the third day for the percentage of germination, penetration and infection. It indicated that 
the micro-environment where inoculums were taken place showed significant difference so that it gave an 
implication for the differences capability of fungal pathogenesis, including germination, penetration and 
infection. 
3.1. Germination process 
Temperature is an environmental factor that is very influential in the process of spore germination of 
pathogenic fungi in general (Rahayu 2008). Merapi eruption that released hot clouds down with the 
temperature of about 1000 °C and the sliding speed of about 200 km/h, would lead to temperature change 
at each distance from the top of its path, with decreasing temperature of about 23-27 °C/km. On the other 
hand, hot clouds glide also affected the ability of most fungal spores to germinate on sengon plants 
(fire), hit indirectly (border) and not affected at all (green) by hot clouds of Merapi Volcano. The suitable 
environmental conditions would make the development and adaptation of fungal spores become faster. 
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Figure 1.  Germination percentage of U. Tepperrianum fungal inoculum taken from sengon trees 
at various locations and distances 
 
Figure 1 shows that the influence of indirectly hot cloud at border location in danger, alert, warning 
distance was always followed by high intensity rainfall which could lead to changes in character, 
especially in ability of spores to germinate. Then, it would be responded gradually and maximally 
according to the environmental changes, so it would produce spores that were more active and faster to 
germinate. Research on the effect of warm temperature on germination of spores of Puccinia graminis 
(treated with temperature of 40 °C) showed 100% of germination of spores within 24 hours. While the 
fungal spores treated at lower temperature indicated smaller ability to germinate (Maheshwari dan Alferd 
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1970). Although the temperature at border location was much higher than the above-mentioned research, 
still the intensity of high rainfall and high humidity at all distances could cause accelerating development 
of still living-fungus so that the germination process of fungal spores become faster. 
 
 
 
 Figure 2.  Teliospores size characteristic of U. tepperianum fungal inoculum from various 
locations 
 
The result of observations at different locations also indicated that teliospores at affected indirectly 
area by hot clouds showed characteristics of different size as shown in Figure 2. The magnitude of that 
range size was an indication of changes in the morphological adaptation of teliospore to the effect of hot 
clouds indirectly. The larger spore size tended to be able to improve in germination because the greater 
size of teliospores, the more energy or food reserves in teliospores will get. In addition, the appearance of 
gall character at border location that had red brick and soft texture as shown in Figure 3 showed that the 
spores were more mature, thus it was ready to spread and become potential source of inoculum. 
 
 
   
 
Figure 3.  Galls formed by U. tepperianum fungus which were taken from (a) directly affected by hot clouds (fire); (b) 
indirectly affected by hot clouds, but affected by the temperature of the hot clouds (border); (c) not affected at all by 
hot clouds (green) 
 
 
 
 
a b c 
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Tabel 2. Morphological characteristics of gall from U. tepperianum at various distances and locations. 
 
Distance Location Color Texture 
Danger Fire Blackish brown crumbly 
Danger Border Nut-brown soft 
Danger Green Nut-brown soft 
Alert Fire Greyish-brown hard crumbly 
Alert Border Red brick soft 
Alert Green Nut-brown hard 
Warning Fire Greyish-brown hard crumbly 
Warning Border Red brick soft 
Warning Green Red brick soft 
 
At fire location, due to high temperature from hot clouds could reduce germination ability or even 
kill the gall rust fungus. It was also seen in the case of rust fungus of Puccinia striiformis on wheat crop 
in Netherland that has climate temperate where it can germinate optimum at 10-15 °C. The influence of 
sudden increasing temperature from 15 °C to 21 °C will result in cessation of grown processing 
(Marsalis and Natalie 2006). Direct effect from hot clouds with high temperature would result in the 
percentage of dead and damaged fungal spores (figure 4a). However, on the third day, the percentage of 
spore germination in the fire, border and green location at all distances showed similar germination 
ability (96.7 - 100%). This is an indication that gall rust spores that could survive due to hot clouds had 
strong resistance to high temperature and could adapt in a good way to extremely environmental 
changes. This Phenomenon was supported by the formation of inoculum spore wall layer that had 
thicker wall layer of fire locations. 
 
  
  
 
 Figure 4.  U. tepperianum fungal spores taken from (a) Fire location that has broken and 
scorched; (b) Fire location that the teliospores have thickened; (c) Border 
location; (d) Green location 
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3.2 Penetration process 
 
It is shown in the graphic Figure 6 that the penetration ability between border and fire, green locations 
at all distances indicated that has been a better adaptation of spores at border location. This evidence was 
visible from the appearance of galls taken as inoculum source from from border location showing brighter 
color (red brick) and with softer texture. Generally, galls with red brick have active spores (light brown) 
and have better shape integrity (round) will be able to grow (germinate) and penetrate better than the 
black or dark brown spores in the location of fire and green. This result was also proved by the percentage 
of teliospores that have light brown color and round shape from border location in Figure 5. The influence 
of indirectly hot clouds from taken place of fungal inoculum also affected the internal ability of fungus, 
characteristic changes and quality, especially the liveliness of fungal inoculum to become better than the 
green location at all distances. The presences of teliopsores that have more nutritional reserves are very 
influential in improving the percentage of penetration. It is caused during the germination and penetration 
process, fungus development depends on the availability of internal nutrient on teliospores (Divon dan 
Robert 2006). 
 
  
 
Figure 5. (a) Color characteristic and (b) Shape characteristic of teliospores from various locations 
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Figure 6.  Penetration percentage of U. tepperrianum fungal inoculum taken from sengon trees at various 
locations and distances 
a b 
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3.3 Infection process 
 
The result of high percentage of infection (Figure 7) at border location showed the character of gall 
rust that the inoculums were from border location at all distances had changed become more aggressive, 
more pathogenic and more active compared with the fire and border location. The success of infection 
process is strongly influenced by high level of pathogenic and vulnerable host. In addition, the plants used 
in inoculation process were in seedling level. This seedling level has tendency to high vulnerability to gall 
rust fungus infection. So that, the symptoms formed later were the result from fungal that had more 
virulent and pathogenic characteristics. This was supported by the appearance of symptom of gall on 
seedling inoculation at border location of 7.4% much more than with green (3.7%) and fire location (0%) 
after 3 weeks inoculation as seen in figure 8a, 8b, 8c. 
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Figure 7.  Infection percentage of U. tepperrianum fungal inoculum taken from sengon trees at 
various locations and distances 
 
 
 
Figure 8.   Galls that were formed from the result of artificial inoculation using U. tepperianum fungal inoculum taken from (a) 
and (b) Indirectly affected by hot clouds, but affected by the temperature of hot cloud; (c) Not affected at all by hot 
clouds 
 
a b c 
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4. Conclusion and Discussion 
The review showed that inoculums of Uromycladium tepperianum affected indirectly (border) by hot 
cloud in danger, alert and warning distance had more active character that was shown in germination 
percentage value, higher penetration and infection as well as had an ability to form galls that were more 
than the inoculums from fire and green location. In addition, the characteristics of fungal spores of 
Uromycladium tepperianum from border location had larger size (length from16,7 to 21,7μ and width 
from 14,7 to 19,3μ), brighter color, better shape integrity (rounded) and had softer texture of gall 
morphology and brighter gall (red brick) that indicated the spores were more active than theirs from fire 
and green location. 
For an improved assessment of the climate change impact on fungal pathogen in current environment 
after Merapi eruption at community forest around  Sleman, Yogyakarta, it is 
necessary to do further research on: 
 The Pathogenicity changing of Uromycladium tepperianum and the effect on sengon trees in 
. 
 Genetic morphological changing on Uromycladium tepperianum affected by pyroclastic cloud. 
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